for correspondence RATIONALE: Many compounds submitted for analysis in Chemistry at the University of Southampton either do not retain, elute or ionise using open access RP-UHPLC/MS and required analysis via infusion. An ultra-high performance supercritical fluid chromatography mass spectrometry approach was implemented to afford high through-put analysis of these compounds with chromatographic separation. METHODS: A UPC 2 -TQD MS system has been incorporated into the open access MS provision within Chemistry at the University of Southampton, using an ESCi source (electrospray and atmospheric pressure chemical ionization) and an atmospheric pressure photoionization (APPI) source. Access to instrumentation is enabled via a web-based interface (RemoteAnalyzer™). RESULTS: Compounds such as fluorosugars, fullerenes, phosphoramidites, porphyrins, and rotaxanes exhibiting properties incompatible with RP-UHPLC/MS have been analysed using automated chromatography and mass spectrometry methods. The speedy return of data enables research in these areas to progress unhindered by sample type. The provision of an electronic web format enables easy incorporation of chromatograms and mass spectra into electronic files and reports. 2 CONCLUSIONS: The implementation of UHPSFC/MS increases access to a wide range of chemistries incompatible with reversed-phase chromatography and polar solvents, enabling more than 90% of submitted samples to be analysed using an open access approach. Further, chromatographic separation is provided where previously flow injection or infusion analysis were the only options.
INTRODUCTION
The use of open access mass spectrometry (MS) has been widely available for synthetic chemists in the pharmaceutical industry since the 1990s [1] [2] [3] [4] [5] . The large volume of samples generated by these chemists made it an essential tool to complement the already successful but time intensive open access (OA) nuclear magnetic resonance (NMR) spectroscopy. In the past, academia had been somewhat reluctant to follow this industrial open access MS model; the low volume of sample numbers and limited access to available funding often cited as reasons for not pursuing this high throughput approach. Historically, most academic mass spectrometry facilities used electron ionization (EI) as the ionization technique of choice, this was governed by the nature of the samples produced and available technology. The addition of gas chromatography-mass spectrometry (GC/MS) systems for mixture analysis, a high resolution instrument for accurate mass measurements all operated by a single mass spectrometrist were typical of academic mass spectrometry facilities in the 1970s and 1980s 6 . This model expanded to soft ionization techniques, initially fast atom bombardment (FAB) and then thermospray, increasing the samples types and numbers of analyses. In recent times, the needs of the modern academic chemist have changed; the advent of combinatorial, high throughput chemistries generated significant increase in the quantities of samples requiring MS analysis with rapid turn-around times demanded. However, these sample types and numbers exceeded the capability of most standard academic mass spectrometry facilities. The advent of atmospheric pressure ionization (API) techniques, i.e. electrospray ionization (ESI) /atmospheric pressure chemical ionization (APCI) in the 1980s/90s, and their easy coupling to high performance liquid chromatography (HPLC) made them ideal tools for the open access environment 7 . These developments, together with other technological improvements, led to successful adoption of HPLC/API-MS into the pharmaceutical industry. Academic institutions eventually mimicked the adoption of a high throughput approach, with USA and UK universities now providing individual, departmental and campus-wide MS facilities 8 . Further, the option of providing positive ionization and negative ionization data in a single analysis was purposely not provided. Users were encouraged to select the polarity of analysis based on the structure of their compound, rather than attempt a scattergun approach. If necessary, users buffered their samples using an acidic or basic ionization enhancer as appropriate. These educational protocols were imposed to enforce the link between compound structure and chemistry with ionization. 
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Implementation of UHPSFC/MS
Many samples submitted for analysis in Southampton have structures that are either ESI or APCI compatible, e.g. inorganic salts or catananes but many of these compounds are incompatible and/or reactive with reversed-phase solvents (e.g. water, acetonitrile, methanol etc.) and buffers (e.g. formic acid). Further issues, such as early or late chromatographic elution, mean that they are incompatible with a highthroughput reversed-phase liquid chromatography approach. Normal phase chromatography maybe considered as an alternative methodology. However the 7 solvents used e.g. hexane, chloroform are not compatible with ESI or APCI since they are aprotic solvents. If air is present in the ionization source (possibly due to a poor quality nitrogen gas supply) then there is also the risk of ignition due to the mix of Gases, Guildford UK) can be used for the supercritical (sc) mobile phase. Separation is achieved by changing the composition of this mobile phase, temperature and density and/or through the addition of an organic modifier (co-solvent), most commonly methanol, often in conjunction with an additive, to expand selectivity. A make-up solvent (generally methanol with acid) is also essential when coupling SFC to a mass spectrometer. This helps stabilise the API spray and also aids ionization; this is particularly important if modifier is not required for separation, i.e 100% scCO2 ( Figure 1 ). This make-up solvent can also be used to produce specific ions e.g. the addition of sodium ions to the make-up flow to produce sodiated molecules thus ensuring optimum sensitivity for quantitative analysis 11 . In an open access environment additional column ovens, with a range of six column phases, and four cosolvent channels provides optimal flexibility.
The most popular column used for reversed-phase chromatography is the C18 bonded silica and this is often used as a generic column for initial applications with a gradient of low to high organic solvent. The equivalent SFC column does not exist; moreover, this generic column approach is not desired as this would compromise the selectivity and specificity offered by SFC. Rather a comprehensive column and modifier screening protocol is followed to determine optimum separation 12 Rotaxanes consist of a linear species and a cyclic species bound together in a threaded structure by non-covalent forces. They are not water soluble and the optimum solvents for dissolution are acetonitrile and dichloromethane. Smaller rotaxanes can be analysed using reversed-phase chromatography with a BEH C18, 2.1
x 50 mm 1.7 µm column, 20 to 100% acetonitrile (0.2% formic acid over 5 minutes) and positive ion ESI. Larger rotaxanes (> 1000 Da) elute very late in the reversedphase chromatograph when the gradient reaches 100% acetonitrile but with poor peak resolution. Extending the length of time at 100% organic improves this in some cases but as the size of the rotaxane increases then they fail to elute using these standard conditions. The rotaxane structure shown in Figure 5 did not elute using the extended reversed-phase gradient conditions but elutes at TR 2.32 minutes under UHPSFC conditions using a HSS C18 SB column 3 x 100 mm 1.8 µm, 10 to 40% methanol over 3 minutes and positive ion ESI. The ion at m/z 1579 is consistent with the protonated molecule and the ion at m/z 790 is consistent with the doubly protonated molecule for the given structure.
The addition of an atmospheric pressure photoionization (APPI) source, that can easily be exchanged for the ESCi source on the TQD, has also broadened the range of chemical space that can be analysed with chromatography and mass spectrometry. Molecular wires are organic conjugates that can act as semiconductors. These polyaromatic molecules are developed with terminal pyridine or nitrile groups to act as "alligator clips" to secure the polyaromatic compound to a metal surface. Small conjugates < 500 Da are routinely analysed using EI GC/MS but larger systems are often too involatile or incompatible with GC/MS. Figure 6 shows structural isomers separated using UHPSFC with a HSS C18 column 3 x 100 mm 1.8 µm column, 10 to 40% toluene over 3 minutes and positive ion APPI. The samples are prepared in toluene and toluene is also used as the make-up solvent. An ion at m/z 664 observed at TR 1.34 and 1.44 minutes is consistent with the radical cation [M +. ] for each isomer.
Fullerenes are molecules comprised of at least 60 carbon atoms as a closed shell structure e.g. C60 is spherical and C70 is ovoid. They have no functional groups making them difficult to ionise using conventional API mass spectrometry and are not soluble in conventional reversed-phase solvents. Figure 7 shows the UHPSFC analysis of C60 using a BEH EP 3 x 100 mm 1.7 µm column, 30 to 40% toluene over 
